Introduction
Site control of self-assembled quantum dots (QDs) has been a subject of intensive research [1, 2] for their device applications, such as single photon emitters and single electron transistors. Such device structures often require a single QD or a pair of QDs at prescribed positions, such as in photonic crystal cavities [3] or nanogap electrodes [4, 5] . Quantum mechanical coupling of QDs provides further functionality for spin-related transport.
In this work, we have optimized the growth condition for site-and shape-controlled InAs QDs by using atomic force microscope (AFM)-assisted anodic oxidation and investigated how the size and the interdot coupling depend on the AFM-oxidation condition.
Experimental
Oxide dots were formed on semi-insulating GaAs substrates by AFM-assisted anodic oxidation at various applied voltages, V, in a tapping mode under controlled humidity (~30%) for the site-control growth of InAs QDs. After removing oxide dots, samples were introduced into the MBE chamber and a thin native oxide layer was removed. Thin GaAs buffer layer and InAs were then grown on the patterned substrate. Selective dot nucleation took place in the nanoholes, resulting in successful formation of site-controlled QDs.
Oxide dots pattern have been fabricated at the condition of V = 50V. Nanoholes were then formed by etching the oxide dots (90 nm-wide, 4 nm-deep). Subsequent growth of a thin GaAs buffer layer followed by the deposition of InAs led to preferential formation of self-assembled InAs QDs in the nanoholes (Fig. 1) . It was found that the QDs grown in this manner have clear facets, suggesting their excellent crystalline quality. It should also be noted that nucleation of undesired dots was effectively suppressed.
Control of position, size, and quantum mechanical coupling of quantum dots
Using the above growth condition, the size-control of InAs QDs was carried out by changing the applied voltage V (see Fig. 2 ). The size of the oxide dots increased with increasing V and the diameter of the nanoholes obtained by chemical etching was approximately equal to that of the oxide dots. We found that the lateral size of the QDs obtained by growing a thin GaAs buffer and depositing InAs can be reproducibly controlled over a range of 30-140 nm simply by tuning V.
We have further investigated the growth of double QDs by changing the separation, d, of two oxide dots, while keeping V at 50V, as shown in Fig. 3 . When d = 40nm, we obtained elongated single QDs. When d ≥ 80nm, however, double QDs were obtained. Furthermore, the coupling between the two QDs was continuously changed when d was varied from 80 nm to 140nm. 
Conclusion

